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cytochrome c oxidase deficiency

Cytochrome c oxidase deficiency is a genetic condition that can affect several parts

of the body, including the muscles used for movement (skeletal muscles), the heart,
the brain, or the liver. Signs and symptoms of cytochrome ¢ oxidase deficiency usually
begin before age 2 but can appear later in mildly affected individuals.

The severity of cytochrome ¢ oxidase deficiency varies widely among affected
individuals, even among those in the same family. People who are mildly affected tend
to have muscle weakness (myopathy) and poor muscle tone (hypotonia) with no other
health problems. More severely affected people have myopathy along with severe
brain dysfunction (encephalomyopathy). Approximately one quarter of individuals

with cytochrome c oxidase deficiency have a type of heart disease that enlarges and
weakens the heart muscle (hypertrophic cardiomyopathy). Another possible feature of
this condition is an enlarged liver, which may lead to liver failure. Most individuals with
cytochrome c oxidase deficiency have a buildup of a chemical called lactic acid in the
body (lactic acidosis), which can cause nausea and an irregular heart rate, and can be
life-threatening.

Many people with cytochrome c oxidase deficiency have a specific group of features
known as Leigh syndrome. The signs and symptoms of Leigh syndrome include loss of
mental function, movement problems, hypertrophic cardiomyopathy, eating difficulties,
and brain abnormalities. Cytochrome c oxidase deficiency is one of the many causes of
Leigh syndrome.

Cytochrome c oxidase deficiency is frequently fatal in childhood, although some
individuals with mild signs and symptoms survive into adolescence or adulthood.

Frequency

In Eastern Europe, cytochrome c oxidase deficiency is estimated to occur in 1 in 35,000
individuals. The prevalence of this condition outside this region is unknown.

Genetic Changes

Cytochrome c oxidase deficiency is caused by mutations in one of at least 14 genes. In
humans, most genes are found in DNA in the cell's nucleus (nuclear DNA). However,
some genes are found in DNA in specialized structures in the cell called mitochondria.
This type of DNA is known as mitochondrial DNA (mtDNA). Most cases of cytochrome
c oxidase deficiency are caused by mutations in genes found within nuclear DNA;
however, in some rare instances, mutations in genes located within mtDNA cause this
condition.



The genes associated with cytochrome c oxidase deficiency are involved in energy
production in mitochondria through a process called oxidative phosphorylation. The
gene mutations that cause cytochrome ¢ oxidase deficiency affect an enzyme complex
called cytochrome c oxidase, which is responsible for one of the final steps in oxidative
phosphorylation. Cytochrome c oxidase is made up of two large enzyme complexes
called holoenzymes, which are each composed of multiple protein subunits. Three of
these subunits are produced from mitochondrial genes; the rest are produced from
nuclear genes. Many other proteins, all produced from nuclear genes, are involved in
assembling these subunits into holoenzymes.

Most mutations that cause cytochrome c oxidase alter proteins that assemble the
holoenzymes. As a result, the holoenzymes are either partially assembled or not
assembled at all. Without complete holoenzymes, cytochrome c oxidase cannot form.
Mutations in the three mitochondrial genes and a few nuclear genes that provide
instructions for making the holoenzyme subunits can also cause cytochrome c oxidase
deficiency. Altered subunit proteins reduce the function of the holoenzymes, resulting
in a nonfunctional version of cytochrome c oxidase. A lack of functional cytochrome

c oxidase disrupts the last step of oxidative phosphorylation, causing a decrease in
energy production.

Researchers believe that impaired oxidative phosphorylation can lead to cell death by
reducing the amount of energy available in the cell. Certain tissues that require large
amounts of energy, such as the brain, muscles, and heart, seem especially sensitive to
decreases in cellular energy. Cell death in other sensitive tissues may also contribute to
the features of cytochrome c oxidase deficiency.

Inheritance Pattern

Cytochrome c oxidase deficiency can have different inheritance patterns depending on
the gene involved.

When this condition is caused by mutations in genes within nuclear DNA, it is inherited
in an autosomal recessive pattern, which means both copies of the gene in each cell
have mutations. The parents of an individual with an autosomal recessive condition
each carry one copy of the mutated gene, but they typically do not show signs and
symptoms of the condition.

When this condition is caused by mutations in genes within mtDNA, it is inherited in
a mitochondrial pattern, which is also known as maternal inheritance. This pattern of
inheritance applies to genes contained in mtDNA. Because egg cells, but not sperm
cells, contribute mitochondria to the developing embryo, children can only inherit
disorders resulting from mtDNA mutations from their mother. These disorders can
appear in every generation of a family and can affect both males and females, but
fathers do not pass traits associated with changes in mtDNA to their children.
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Other Names for This Condition
e complex IV deficiency
*  COX deficiency
e  cytochrome-c oxidase deficiency

*  mitochondrial complex IV deficiency

Diagnosis & Management

Genetic Testing

*  Genetic Testing Registry: Cardioencephalomyopathy, fatal infantile, due to
cytochrome c oxidase deficiency
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1858424/

*  Genetic Testing Registry: Cytochrome-c oxidase deficiency
https://www.ncbi.nlm.nih.gov/gtr/conditions/C0268237/

Other Diagnosis and Management Resources

*  Cincinnati Children's Hospital: Acute Liver Failure
https://www.cincinnatichildrens.org/health/a/acute-liver-failure

*  Cincinnati Children's Hospital: Cardiomyopathies
https://www.cincinnatichildrens.org/health/c/cardiomyopathy

*  The United Mitochondrial Disease Foundation: Treatments and Therapies
http://www.umdf.org/what-is-mitochondrial-disease/treatments-therapies/

General Information from MedlinePlus

» Diagnostic Tests
https://medlineplus.gov/diagnostictests.html

*  Drug Therapy
https://medlineplus.gov/drugtherapy.html

*  Genetic Counseling
https://medlineplus.gov/geneticcounseling.html

* Palliative Care
https://medlineplus.gov/palliativecare.html

*  Surgery and Rehabilitation
https://medlineplus.gov/surgeryandrehabilitation.html
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Additional Information & Resources

Genetic and Rare Diseases Information Center

*  Cytochrome c oxidase deficiency
https://rarediseases.info.nih.gov/diseases/48/cytochrome-c-oxidase-deficiency

Additional NIH Resources

* National Heart Lung and Blood Institute: Types of Cardiomyopathy
https://www.nhlbi.nih.gov/health/health-topics/topics/cm/types

* National Institute of Neurological Disorders and Stroke: Mitochondrial Myopathies
Information Page
https://www.ninds.nih.gov/Disorders/All-Disorders/Mitochondrial-myopathy-
Information-Page

* NIH News in Health: When Cells Face an Energy Crisis--Malfunctioning
Mitochondria Cause Many Disorders
https://newsinhealth.nih.gov/2010/April/featurel.htm

Educational Resources

* Boston Children's Hospital: Acute Liver Failure in Children
http://www.childrenshospital.org/conditions-and-treatments/conditions/l/liver-failure

» Boston Children's Hospital: Muscle Weakness
http://www.childrenshospital.org/conditions-and-treatments/conditions/muscle-
weakness-hypotonia

*  Cleveland Clinic: Hypertrophic Cardiomyopathy
http://my.clevelandclinic.org/health/articles/hypertrophic-cardiomyopathy

*  Cleveland Clinic: Myths and Facts About Mitochondrial Disease
http://my.clevelandclinic.org/health/articles/myths-and-facts-about-mitochondrial-
diseases

» Disease InfoSearch: Mitochondrial complex IV deficiency
http://www.diseaseinfosearch.org/Mitochondrial+complex+IV+deficiency/4826

 JAMA Patient Page: Hypertrophic Cardiomyopathy
http://jamanetwork.com/journals/jama/fullarticle/184744

* Kennedy Krieger Institute: Mitochondrial Disorders
https://www.kennedykrieger.org/patient-care/diagnoses-disorders/mitochondrial-
disorders

* MalaCards: fatal infantile cytochrome c oxidase deficiency
http://www.malacards.org/card/fatal_infantile_cytochrome_c_oxidase_deficiency

* MalaCards: isolated cytochrome c oxidase deficiency
http://www.malacards.org/card/isolated_cytochrome_c_oxidase_deficiency
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Orphanet: Fatal infantile cytochrome C oxidase deficiency
http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=1561

Orphanet: Isolated cytochrome C oxidase deficiency
http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=254905

Washington University, St. Louis Neuromuscular Disease Center
http://neuromuscular.wustl.edu/pathol/diagrams/mito.htm#complexIV

Patient Support and Advocacy Resources

Children's Cardiomyopathy Foundation
http://www.childrenscardiomyopathy.org/

MitoAction
http://www.mitoaction.org/

The United Mitochondrial Disease Foundation: Types of Mitochondrial Disease
http://www.umdf.org/types/

ClinicalTrials.gov

ClinicalTrials.gov
https://clinicaltrials.gov/ct2/results?cond=%22cytochrome+c+oxidase+deficiency
%22+0OR+%22Mitochondrial+Electron+Transport+Chain+Deficiencies%22+OR+
%22Mitochondrial+Respiratory+Chain+Deficiencies%22

Scientific Articles on PubMed

PubMed
https://www.ncbi.nlm.nih.gov/pubmed?term=%28Cytochrome-c+Oxidase+
Deficiency%5BMAJR%5D%29+AND+%28%28cytochrome+c+oxidase+deficiency
%5BTIAB%5D%29+0OR+%28C0OX+deficiency%5BTIAB%5D%29+0OR+%28c¢
omplex+IV+deficiency%5BTIAB%5D%29%29+AND+english%5Bla%5D+AND
+human%5Bmh%5D+AND+%22last+3600+days%22%5Bdp%5D

OMIM

CARDIOENCEPHALOMYOPATHY, FATAL INFANTILE, DUE TO CYTOCHROME
c OXIDASE DEFICIENCY 1
http://omim.org/entry/604377

MITOCHONDRIAL COMPLEX IV DEFICIENCY
http://omim.org/entry/220110
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